| MATERIAL S AND ME THODS

| Study participants
All patients of 8-18 years, with ASA I and II classification, scheduled for elective procedural sedation with propofol were eligible. The investigating pediatric intensivist (MAR) informed the parents or legal guardians and the patient about the study 1 week prior to the time of admission. Patient exclusion criteria were: prior history of oral diseases and/or dental/oral surgery <6 months, absence of written informed consent, and ASA classification >II.
Demographic characteristics were recorded and included gender, weight, underlying disease, and medication use. Basic hemodynamics and oxygenation parameters were recorded and included heart rate (HR), systolic blood pressure (SBP), diastolic blood pressure (DBP), mean arterial blood pressure (MAP), and peripheral capillary oxygen saturation (SpO 2 ). Hemodynamic parameters were obtained prior to propofol administration at baseline (T0) and continued until 3 minutes after propofol administration (T1).
| Procedural sedation
A standardized procedural sedation protocol was used for all patients. Patients were connected to a monitor (IntelliVue Neonatal, Philips, Eindhoven, The Netherlands) for recording HR and blood pressure. SpO 2 was recorded with a SpO 2 sensor (Nellcor, Covidien, Medtronic, Dublin, Ireland), blood pressure was measured noninvasively with cuff on the upper arm every 3 minutes (Philips, Eindhoven, The Netherlands), and capnography with a CO 2 nasal/ oral sampling cannula with O 2 connector (Smart CapnoLine Plus, Microstream, Oridion, Covidien, Dublin, Ireland). A time-out procedure was performed by the medical team for patient safety, to confirm the correct procedure and patient. Thereafter, the patient was asked to lay on his/her left side after which the camera was placed in the proper position under the tongue.
To perform continuous video measuring, a clear vascular landmark was needed, such as a typical vein bifurcation or vascular crossing in the background. Continuous measurement was defined as the observation of the same ROI in time and is used as such throughout the manuscript. After a good landmark was found, a baseline videoclip was recorded (T0), directly followed by induction with 2-3 mg/ kg propofol (Propofol 10 mg/mL MCT/LCT, Fresenius Kabi GmbH, Graz, Austria). Video-clips were recorded continuously until 3 minutes after induction (T1) on the exact same microvascular network.
All inductions were carried out by the same sedation practitioner under the same circumstances. No vasopressor agents were used to maintain blood pressure as standard of care.
| Microcirculation imaging instrument
Harnessing the ability of hemoglobin (Hb) to spectroscopically absorb green light (530 nm), incident dark-field illumination imaging (IDFI) (CytoCam (CC), Braedius Medical BV, Huizen, The Netherlands) was used for continuous monitoring of the sublingual microcirculation. 8, 9 With enhanced image resolution and a larger field of view in comparison to the OPSI and SDFI instrument, the sensor-based computer-controlled high-resolution (14 megapixel, 25 fps) CC empowers the investigator with a detailed appraisal of anatomy and micro-hemodynamics of the microcirculation. 
| Microcirculation measurement procedures
All procedural sedations and data acquisitions were obtained in the same patient room at the PICU kept at a constant temperature of 21 ± 1°C. Before the procedure started, the camera and computer were showed to the patient. The patient was encouraged to hold the camera themselves and to try viewing their own microcirculation;
the aim was to show that the measurement was not invasive and to stimulate participation.
Before starting the measurement, the patient was asked to turn on their left side so the investigator could see and gain easy access to the left sublingual ROI. Each participant was asked to relax their tongue and to breathe through their mouth. During the measurements, the probe was only manually kept in place using a modified pen grip, a precision grip used by dentists for instrument micromanipulation. 11 An experienced investigator (DMJM) performed all measurements.
The CC probe was covered with a disposable plastic cap After a microvascular landmark was chosen, proper focus was adjusted and image stability free of motion and pressure-induced artifacts was achieved by asking the patient to lay still and not to swallow. A 4-seconds video-clip was obtained at T0, followed by continuous recording as described above.
| Microcirculation analysis
A comparison within the same microvascular network was analyzed from video-clips at T0 and T1. Angioarchitecture was determined as a score of either 1 (array of capillary loops), 2 (hybrid of capillary loops and networks), or 3 (microvascular networks only). 12 The Automated 
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Analysis of blood vessel diameter (Ø bv ) has been described elsewhere. 7 In brief, Ø bv was obtained by randomly selecting five vessels in each quadrant (20 total) at T0 recording and comparing to T1.
Vascular landmarks were selected to obtain reproducible measurements of the exact same vessels.
Before initiating sublingual microcirculation analysis, a training and validation was conducted to assess analytical technique aptitude; the reliability and reproducibility between 4 examiners (DMJM, MAR, CIE, YF) were confirmed using an intraclass correlation coefficient (ICC). Measurements from five patients at T0 and T1 were analyzed at random for PVD by each investigator. After achieving excellent agreement among the examiners (ICC = 0.840; P < 0.05), the remaining data analysis was completed blinded and at random by two investigators (CIE, YF).
| Statistical analysis
Previously published studies on sublingual microcirculation research, based on continuous measurements, report sample sizes similar to the patient inclusions of this investigation that were sufficiently sensitive to achieve statistical relevance. 7, [17] [18] [19] To examine normal distribution of all parameters and microcirculation data, a ShapiroWilk test was performed. To adjust for inherent biological variations between each subject's TVD, PVD and Ø bv parameters were normalized with respect to baseline and converted into percentages for ease in data presentation and statistical examination.
Comparative analyses of hemodynamic and microcirculation parameters were analyzed using a Wilcoxon signed-rank test (continuous and non-continuous data 
| RE SULTS
In total, 20 patients were enrolled (12 female, 8 male) and in 7 patients (6 females, 1 male) (35%) continuous measurements were successful.
The reason for failure was only patient related and resulted in loss of the initial ROI due to yawning (primarily) or unintended movements of the patient during induction. The results presented here concern only the 7 successful continuous measurements. Descriptive demographics of the participants are presented in Table 1 . The patients were diagnosed with: acute lymphatic leukemia (n = 2), nodular sclerosis Hodgkin lymphoma (n = 1), acute myeloid leukemia (n = 2), T-cell non-Hodgkin lymphoma (n = 1), and Crohn's disease (n = 1). Table 2 presents a summary of the obtained hemodynamic parameters; data were compared before and 3 minutes after propofol induction. After induction a significant decrease in SBP (P = 0.028), DBP (P = 0.028), and MAP (P = 0.027) was found compared to T0.
There was no difference in HR and SpO 2 between T0 and T1.
The CC images were of excellent quality, the mucosa of the floor of the mouth provided sufficient contrast with the microcirculation and high-resolution video-clips were recorded, and 2 clip samples per patient were analyzed (14 in total). The median focal depth of the measurements was 160 μm (range 90-200 μm). Sublingual angioarchitecture was uniformly scored as class 3 in all patients. Typical frames of the sublingual area acquired by CC are presented in Figure 1 . Sublingual microcirculatory data are presented in Table 3 .
A statistically significant increase was found in TVD and PVD at T1 compared to baseline (P = 0.018 and P = 0.018, respectively); normalized mean TVD and PVD increased by 12% and 16%, respectively, and Ø bv and MFI did not change significantly.
| D ISCUSS I ON
The aims of this study were to investigate alterations in the sublingual microcirculation under the influence of propofol-mediated sedation and to determine feasibility of continuous video measuring in fully awake pediatric patients. The results show that propofol elicits improvement of sublingual microvascular perfusion despite minute changes in blood vessel diameter toward vasodilation. Additionally, propofol induction resulted in a significant decrease in measured blood pressures. We applied a novel and unique approach to measure transition from a conscious state to an unconscious sedation state in real-time in pediatric patients. To perform continuous video recording of the oral region in fully awake children is extremely challenging.
Our observations on propofol-mediated procedural sedation also indicate a significant decrease in MAP. In animals, propofol induces a decrease of 20% in MAP and an increase Ø bv of 21% in small venules and collecting venules in striated muscle imaged by intravital fluorescence microscopy. 20 Although it is difficult to compare animal data with humans, we can certainly say that as far as systemic parameters and small venules (sublingual region is largely venous) are concerned, the trends from their parameters share a likeness to the data presented in this report.
In a study using OPSI, 4 a 17% reduction in sublingual small vessel (<20 μm) density after propofol induction was reported in female adults undergoing a transvaginal oocyte retrieval procedure. No significant differences were found in arterial pressure and HR between baseline nor during propofol induction. In contrast, the results from our study show a significant improvement in sublingual perfusion with a rise of 16% in small vessel density, a 5% improvement in PPV, and a reduction in MAP of 15%. Unfortunately, a direct comparison between the two studies is difficult as both measurement and sublingual sites differ considerably. Another difference between these studies is the cardiopulmonary interactions related to positive pressure ventilation compared to spontaneous breathing. 21 To this end, we strived to examine in a physiological model the influence of propofol on blood flow of a single drug. Nevertheless, we achieved continuous video microscopy of the same microvascular network prospectively and in relatively healthy pediatric patients free from potential age-related co-morbidities, which is a strength of our study.
First-generation microcirculation devices used OPSI technique, 22 which produced a limited field of view whilst the devices required several peripherals for operation. 23 The next-generation SDFI device used a technique that eliminated the need for an orthogonally TA B L E 2 Hemodynamic parameters before induction with propofol (T0) and 3 min after induction (T1) placed filter and enhanced practicality of the handheld device for applications requiring mobility and low electrical power with fewer peripherals. The newest generation of optical spectroscopic-based video microscopes is the CC, which utilizes a sensor with optics and an IDFI technique similar to OPSI and SDFI with sharper and greater image definition than its predecessors. 8, 9 The CC is compact and lighter, enabling greater ease for the operator to achieve fine control, prolonged usage, and reducing image pressure and drift artifacts. High-quality images provide more accurate judgment of RBC flow and discerning differences between vessel types. Successful continuous measurements were only possible when the CC probe was kept stable on the target site in the ROI. The more stable the probe is maintained, the more accurate the analysis will be between two recorded clips. Data analysis software, like AVA, corrects the frames of the imaged clips for these very minor picture movements; this leads to similar frames for both clips with the same microvascular network in the frames. For this reason, while analyzing, the exact same target microvascular network was maintained inside each frame and was compared between both clips. Indeed, the possibility of a minor bias could exist, but not to the degree of recording a completely different microvascular network in a ROI during intermittent measurements.
The measurements in this study were extremely challenging because they were attempted in an awake and conscious pediatric first minutes after induction, the patient is at risk of apnea, which is usually followed by desaturation, requiring intervention (oxygen therapy or ventilation) and would have resulted in displacement of the imaging camera and loss of the measurement in the ROI; to reduce the risk of apnea and intervention, follow-up was not continued to 5 minutes.
In conclusion, this is the first study determining the effects of propofol using a continuous video microscopy approach in a procedural sedation setting. Within the scope of this clinical study, propofol elicits (although small) measurable microvascular vasodilation changes and raises the overall perfusion of the sublingual microcirculation 3 minutes after administration in relatively healthy children.
Harmonizing communication and cooperation between patient, staff, and the investigators is essential for achieving the best chance of obtaining a successful continuous measurement in awake pediatric patients undergoing sedation with propofol. Next to vasodilatory effects on the macrocirculation, propofol also elicits a vasodilatory effect on microcirculation. However, it is feasible to conduct continuous video imaging of the oral microcirculation during induction with propofol in fully awake pediatric patients but a high number of participants are needed to obtain enough successful measurements.
Future research should focus systematically on different propofol infusion rates and its influence on the sublingual microcirculation in already sedated patients.
PER S PEC TIVE
We reported for the first time continuous measurements of the sublingual vascular network in awake pediatric patients during propofol induction. Propofol enhanced the microcirculatory perfusion shortly after induction and may be due to a decrease in microvascular resistance. Future studies should focus on continuous imaging of the microcirculation in sedated pediatric patients.
ACK N OWLED G M ENTS
We would like to thank Frans Luteijn, sedation practitioner, for all the inductions and the dentistry students, Cem Ergin and Yaphet
Fictoor, for their assistance on the blood vessel analysis. We also would like to thank all the patients and their parents for their interest and participation in this investigation. The cooperation, patience, and continued support of the medical staff involved with the procedural sedations are greatly appreciated.
CO N FLI C T O F I NTE R E S T
The authors declare no conflicts of interest.
AUTHOR CONTRIBUTION
Study design (MAR, DMJM); conduct of study (MAR, DMJM); collection of data (MAR, DMJM); analysis and management of data (MAR, CIE, YF, DMJM); interpretation of data and preparation of
